is normally shipped frozen from the coasts of America. During the period prior to freezing-when conditions are not always optimum-and during frozen storage, the functional capacity of the muscle proteins declines, rendering the material useless for certain processes such as conversion to gel. This paper examines the reasons for the lack of a good gel-forming capacity as measured both rheologically (breaking force, breaking deformation and gel strength) and in terms of ultrastructure (scanning microscopy). The study was carried out at four different temperatures known to be critical for fish muscle protein gel formation, and at two salt concentrations. At 35 ~ the structure was spongier in gels made with 1.5% NaC1, although a true gel was still not formed, as shown by rheological measurements. Above 30 ~ the ultrastructure became more cellular, particularly in samples made with 2.5% NaC1, at which concentration gel strength values were higher. However, at neither salt concentration nor at any of the experimental temperatures was the mesh as spongy as in other fish gels reported in the literature. The values of rheological analysis and folding test were correspondingly low.
Introduction
The sensory and mechanical characteristics of a foodstuff are determined by its ultrastructure. This may be C. G6mez-Guill~n. J. Borderias-P. Mont6ro (I~) Departamento de Ciencia y Tecnologia de Carnes y Pescados, Instituto del Frio, Ciudad Universitaria, E-28040 Madrid, Spain T. Solas Departamento de Biologia Cellular, Facultad de Ciencias Biol6gicas, Universidad Complutense, E-28040 Madrid, Spain defined as a complex organization of chemical components subjected to the influence of internal and external physical forces and visible only when using certain specific instruments [-1] . The typically elastic texture of fish gels is achieved through formation of a three-dimensional mesh structure which develops when minced muscle, homogenized with NaC1, is heated [-2-4] . By examining the microstructure and the changes occurring within it, data can be derived which bear directly upon textural parameters F1, 5]. Thus, very elastic gels exhibit a uniform microstructure in which dense regions were prevalent. In contrast, gels of low elasticity and gel strength exhibit numerous cavities of varying sizes, presenting an unhomogeneous overall appearance [5] . During heating, which is necessary for gel stability, muscle proteins undergo aggregation, the result of which is a mesh, the intervening cavities of which receive the water expelled as a result of protein syneresis [-6, 7] . The extent to which syneresis occurs is directly related to the amount of unbound water present and will determine the size of the cavities [6] . Cavity size, as noted above, influences gel texture characteristics.
The catch of giant squid or dosidicus (Dosidicus gigas, Orbigny, 1835) , which is found off the Pacific coasts of Mexico, Peru and Chile, is in considerable surplus. In the frozen state, giant squid is thus very cheaply available to fish processors, because of its great size (up to several metres in length) and because intense proteolysis leads to rapid textural deterioration. However, like all cephalopods, it offers a poor gel-forming capacity, probably owing to intense protease activity in the mantle, which degrades the myosin molecule during heating [-8-14] , thus detracting from its usefulness in some processes.
The aim of the present research was to examine, with reference to rheological parameters, morphological changes occurring at the ultrastructural level in gels made from the mantle of the giant squid, with two NaC1 concentrations (1.5% and 2.5%) and at a variety of temperatures (35, 50, 60 and 90 ~
Materials and methods
Mantles of dosidicus are typically around 60 cm broad, 1 m long and 3 cm thick. The gutting and removal of tentacles are performed upon capture, and sometimes also mechanical removal of the outermost fascia in order to leave clean dosidicus mantles. These are then wrapped in polythene sheaths and frozen ashore, after a number of hours on board ship without ice. They are frozen at -40 ~ and stored at -20 ~ the form in which they are commercialized. The time elapsing from time of capture to reception at the laboratory is estimated at between 1 and 2 months. Frozen mantles were cut into small portions of approximately 3 cm x 3 cm using a Baader model F2 mechanical cutter (Nordischer Maschinenbau, Liibeck, Germany). The portions, thus ready for homogenization, were placed into polythene bags in lots of 300g and stored at -8 0~ to maintain stability over the experimental period.
Homogenization of muscle for conversion to gel. Chopped dosidicus mantle was semi-thawed and placed in a refrigerated vacuum homogenizer (Stephan model UM5, Stephan S/Sfine, Germany). The muscle was ground for 1 rain at high speed (rotor angular velocity 3000 rpm). NaC1 was then added with sufficient crushed ice to give the required final gel moisture and the mixture was homogenized for 5 rain at low speed (1500 rpm) in vacuo..The resulting paste was placed into stainless steel cylinders (I.D. 3 cm, height 3 cm) with screw-on lids and rubber gaskets to provide a hermetic seal. At no time during this part of the process did the sample temperature exceed 10 ~ Heat treatment. Samples were heated at 35 ~ 50~ 60~ and 90 ~ by immersion into a waterbath (Unitronic model S 320-100, from J.P. Selecta) for 20 min. Immediately after heating, the cylinders were placed into containers containing iced water for rapid cooling of the gel. They were then stored in a cold room at 4 ~ for 24 h before analysis.
Rheology: puncture test. Cylindrical samples (3 cm diameter x 3 cm height) were removed from the moulds and tempered to about 20 ~ Gels were pierced to breaking point using a texturometer (Instron model 4501, Instron Engineering, Canton, Mass., USA) with a 5-mm diameter, round-ended metal probe. The cross speed was 10 mm/min and the load-cell used was 100 N.
Gel strength was determined by multiplying the maximum break ing force (in N) by the breaking deformation (in mm). All determinations were carried out at least in quadruplicate.
Scanning electron microscopy (SEM). Cubes of 2 3 mm side length
were cut from inside the gels for microscopic examination. Samples were fixed in 2% glutaraldehyde in phosphate buffer (pH 7.3) and dehydrated in serially increasing concentrations of acetone (from 40% to 100%). They were then dried to critical point with CO2 as the transition fluid in a Balzer model CPD030 drier and mounted on copper sample holders, followed by sputter-coating with gold in a Balzer model SCD004 metallizer. Samples were kept in a drier until examination by a Jeol Scanning Microscope (JSM 6400) at 20 kV. Micrographs were taken of each gel at x 35, x 500 and x 6000 magnifications.
Statistical analysis of data. Two-way analysis of variance was carried out with reference to two variables: added salt concentration and gelation temperature. The computer programme used was Statgraphics (STSC, USA). The difference of means between pairs was resolved using confidence intervals using a least-squares difference range test. The level of significance was set at P _< 0.05.
Results and discussion
In the SEM picture taken at x 2000 magnifications ( Fig. 1) , it can be seen how the mechanical effect of grinding caused the muscle to break up into bundles, leaving numerous reticular formations in between, made up of partially disintegrated myofibrillar protein and connective tissue fibres.
When the minced muscle was homogenized with NaC1 and heated to produce a gel, the connective tissue fibres, which were visible in the unheated muscle, tended to disappear in the sample heated at 35~ ( Fig. 2A, B) . Morphologically, the matrix forming at this temperature with both 1.5% and 2.5% NaC1 was highly aggregated and totally lacked a definite structure. In gels heated at 50 ~ the matrix still appeared 
